hvvodvcemic, it is inevitably dificult and not without risk.
The acute response to simulated hypoglycemia induced by 2-deoxyglucose (2DG) was compared with the prolonged fasting test as a possible screening test for detection of childhood hypoglycemia. Ten children, ages 2-9 yr, without a documented history of hypoglycemia were classified retrospectively as reference subjects. While fasting, their plasma glucose decreased to an average of 50 mg/dl (range, ) between 28-36 h. After infusion of 2DG, 50 mg/kg IV over 30 min, their plasma glucose increased by an average of 35 mg/dl (range, 19-56) between 60-120 min. The half-life of plasma 2DG was 48 min.
Twenty-three other children in the same age range had an abnormal response to one or both of these tests. Thirteen of these children became definitely hypoglycemic while fasting (glucose < 30 mg/dl) and also failed to increase their plasma glucose by more than 10 mg/dl after 2DG. Five children had plasma glucose values between 30-40 mg/dl during the first 24 h of fasting that were associated with a change in mental status but responded to 2DC with an increase in plasma glucose. The remaining five subjects had an apparently normal response to fasting but did not respond to 2DG; two of these had documented spontaneous hypoglycemia. No cases of documented hypoglycemia were undetected by either test. It is concluded that the 2DG test is a short safe supplement to fasting which is equally effective as the prolonged fasting test in detecting hypoglycemia. Neither test alone is completely reliable, but the combination is complementary.
Abbreviation
The most direct approach to confirming a suspected diagnosis of spontaneous hypoglycemia is to measure blood glucose at the time of symptoms and, if possible, to demonstrate that symptoms are rapidly relieved after the blood glucose has been increased. This obvious approach is very often not successful in children because hypoglycemia is typically sporadic, brief, and may not be associated with definitive symptoms. When blood glucose values are obtained they may be equivocal. For these reasons, follow-up testing is frequently required to establish or confirm the diagnosis of hypoglycemia.
Hypoglycemia in children due to various etiologies commonly occurs while fasting, and therefore fasting has been the most widely recommended general screening test (4, 10) . If properly conducted, observations made during the fasting test can lead to a specific differential diagnosis in the event that the child does become hypoglycemic; however, as a test procedure, fasting has several practical disadvantages. Because the test may need to be continued for as long as 36 h or until the child becomes definitely ----lnterpretation may be compiicated by choice of appropriate reference standards and a variable relationship between blood glucose and symptoms (1 6). An especially frustrating outcome is to find that some children with documented spontaneous fasting hypoglycemia may fail to be distinguished from normal children under conditions of hospital testing (3).
The possibility of using 2DG as a general screening test for initial detection of childhood hypoglycemia was suggested by observations that children with apparent "ketotic" hypoglycemia fail to respond to 2DG. This was first reported by Sizonenko et al. (33) and subsequently confirmed by ourselves and others (16, 19) . Considerable experience has been gained by use of 2DG as a test in adults and in experimental animals. Originally proposed as an inhibitor of glycolysis and possible anti-cancer agent, 2DG administered to humans was found to result in hyperglycemia (5, 21) . At the dose level most commonly used, 2DG does not result in direct general inhibition of glucose metabolism. The hyperglycemic response is the result of central inhibition of glucose transport in the hypothalamus (27) . This results in acute sympathoadrenal (1, 16, 23, 25, 38) , anterior pituitary (1, 25, 39), vagal (7, 13) , and appetite responses (7, 23, 24, 34, 38) that are similar to those produced by insulin without the superimposed peripheral effects of insulin. The normal counter-regulatory response includes increases in plasma glucose, free fatty acids, lactate, epinephrine, cortisol, and suppression of insulin (1, 23, 25, 38) .
The objective of the present study was to compare the relative reliability of the fasting test with the 2DG test in the initial detection of childhood hypoglycemia. The children tested included a spectrum of cases referred for evaluation of suspected or known hypoglycemia and a few siblings recruited as possible controls. Because of the limited availability of normal controls, test results were classified retrospectively and criteria selected to determine whether there was sufficient evidence to support a diagnosis of hypoglycemia.
MATERIALS AND METHODS
Subjects. Most of the subjects tested were referred for evaluation of suspected or previously confirmed hypoglycemia (29 children); a few cases were recruited who were twin siblings of hypoglycemic subjects (four children). Infants under 1 yr and children over 10-yr-old are not included in this series. The average age of the subjects was 4'/2 yr, with a range of 2-9 yr ( Table 1 ). The subjects were classified retrospectively on the basis of clinical history and responses to the tests, as will be described below. The ages, sex, and physical characteristics of the reference and hypoglycemic groups were not significantly different (Table  I) . Informed parental consent was obtained after explanation of possible risks and the investigational nature of the 2DG test. Test procedures. The fasting test consisted of withholding food and allowing only water until either the subject became hypoglycemic or until plasma glucose decreased to a constant basal value for 6-8 h with large acetonuria. Hypoglycemia was defined as: 1) plasma glucose below 30 mg/dl at any time or 2) plasma glucose below 40 mg/dl associated with significant symptoms indicative of a change in mental status (inappropriate drowsiness, imtability, confusion, or unresponsiveness). Blood samples were obtained at 2-h intervals during the fasting test from an indwelling intravenous needle for rapid determination of glucose.
The 2DG test was performed at a separate time before or after the fasting test (from a few days to several months apart). Several days of typical food intake were required before the test but a specific diet plan or food record was not used. The test was started after an overnight fast of 10-14 h. Baseline blood samples were obtained at 30-min intervals from an indwelling needle and plasma glucose determined rapidly. If the plasma glucose was above 60 mg/dl during the 30-min baseline period, then 2DG was infused intravenously over 30 min (total dose, 50 mglkg). Blood sampling was continued at 30-min intervals for 2 more h to determine plasma glucose and 2DG. Blood pressure, pulse, respirations, and temperature (oral or axillary) were determined at 30-min intervals and any change in mental status or symptoms noted. At the end of 2 h the test was terminated by administration of glucose, 500 mg/kg intravenously, after which time the child was allowed to eat.
Materials and analytical methods. 2DG was obtained from Sigma Chemical Co. (F and D Division, St. Louis, MO). A 5% aqueous solution was prepared in the hospital pharmacy, filter sterilized, cultured, tested for pyrogens, and assayed before use. The concentration of 2DG did not decrease upon storage of solutions for as long as 5 yr; for clinical use, solutions were not kept for more than 1 yr after preparation. Two methods were employed for determination of 2DG. A quantitative but nonspecific enzymatic method useful for pure solutions was adapted from determination of glucose with hexokinase, pyruvate kinase, and lactate dehydrogenase (3 1). In plasma, a colorimetric assay based on reaction with quinaldine was used (6); plasma (25 p1 sample) was deproteinized with 5% perchloric acid (1 ml), and a blank was prepared from plasma obtained before administration of 2DG. The molar extinction coefficient of this assay at 420 mp is approximately 1.0 x lo3. The purity of 2DG was also confirmed by thin layer chromatography (20) . Glucose was assayed in plasma with glucose oxidase by the rate of oxygen uptake method, using a Beckman Glucose Analyser. This method was found to be specific for glucose; 2DG in concentrations up to at least 50mg/dl does not react and does not interfere with determination of glucose. All assays were run in duplicate. (Fig. I) . The reference range for plasma glucose in the fasting test was derived from 10 children who did not have a documented history of hypoglycemia, who tolerated the fasting test without developing definitely abnormal symptoms or a plasma glucose of less than 30 mg/dl, and who had an increase of glucose after 2DG of at least 15 mg/ dl. The fast continued in each case until urine acetone became large and there was no further decline of plasma glucose for several hours. The length of fasting was continued for at least 36 h except for one subject, who fasted 29 h. After 8 h of fasting the average plasma glucose concentration of this group was 85 mg/ dl (range, 64-98 mgldl). Plasma glucose decreased gradually over 28 h and then remained relatively constant around an average of 50 mg/dl (range, 30-74 mg/dl). In four subjects who were fasted for 40 h there was no further decrease of glucose.
RESULTS

Plasma glucose during the fasting test
In 13 children plasma glucose decreased below 30 mg/dl while fasting (Fig. 1, solid circles) . Hypoglycemia occurred at times varying from as early as 9 h to as late as 35 h of fasting. Two subjects became hypoglycemic after 24 h of fasting with a subsequent increase of plasma glucose to above 30 mg/dl before the fast was terminated. Twelve of these children also had a documented history of spontaneous symptomatic hypoglycemia.
In five children, plasma glucose fell within the first 24 h of fasting to between 30-40 mg/dl, below the reference range (Fig.  1, solid squares) . The test was terminated because significant symptoms developed that indicated a change in mental status (see Test procedures). In four of these children there was some degree of recovery of plasma glucose before the test was terminated. Prior spontaneous episodes of documented fasting hypoglycemia had occurred in three of these cases.
The five remaining children maintained their plasma glucose within the range of the reference subjects under the conditions of the fasting test (Fig. 1, solid triangles) . Three of these subjects had no symptoms during the fasting test and two had only mild transient symptoms without a change in mental status. Two of these subjects had a definite history of previously documented spontaneous hypoglycemia and two had a very suggestive, but undocumented history. The difference between the previous history of spontaneous hypoglycemia and the apparently normal hospital fasting test might have reflected a real change in the HOURS FASTED child's susceptibility to fasting hypoglycemia. This is not a completely sufficient explanation because, in at least one case, documented spontaneous hypoglycemia recurred after the fasting test.
Plasma glucose after 2DG. After infusion of 2DG (50 mg/kg over 30 min) in the 10 reference subjects, plasma glucose increased by an average of 37 mg/dl over 60 min and remained relatively constant over the next hour (Fig. 2) . The increase was calculated for each individual as the difference between the average glucose concentration at -30-0 min before 2DG and the average of glucose values at 60,90, and 120 min after starting the 2DG infusion. For the 10 reference subjects the average increase was 35 mg/dl (range, 19-56) (Fig. 3) .
Among the 13 children whose plasma glucose fell below 30 mg/dl under conditions of the fasting test, there were no individuals who had an increment of plasma glucose after 2DG of more than 10 mg/dl (Fig. 3, solid circles) . The average plasma glucose in this group did not increase, and in many subjects glucose gradually decreased reflecting the superimposed effects of fasting and lack of response to 2DG.
Among the remaining 10 children, the response to fasting and to 2DG were inconsistent. The five children with relatively early onset of milder hypoglycemia in the fasting test had increases in plasma glucose after ZDG that ranged from 12-59 mg/dl (Fig. 3, solid square=). Only one of these subjects' response was below (Fig. 4) . There was no significant difference in the plasma 2DG concentration of the children who responded with an increment in plasma glucose of 15 mg/dl or more and those who did not. The average initial plasma glucose concentration in the 14 children who responded was 79 mg/dl compared with 76 mg/dl in the 19 children who did not respond. The differences in glucose responses of these subjects cannot be attributed to differences in the relative initial concentrations of glucose or 2DG. Between 30-60 min, after the 2DG infusion had stopped, the concentration of 2DG decreased-more rapidly. After 60 min the disap- pearance rate was first order with a half-life of 48 min. At the end of 120 min the plasma concentration of 2DG was 16% of the initial value. After 6 h, 23% of the injected dose of 2DG had appeared in the urine of 1 I of the subjects tested.
Signs and symptoms associated with the fasting and 2DG tests. The frequency with which the children tested developed specific signs and symptoms during the fasting and the 2DG tests was similar ( Table 2 ). The most common behavioral observation in either test was lethargy (drowsiness) and the next most common was irritability. Although these features were more frequent among children with abnormal responses to the fasting or 2DG tests, they also occurred among children in the reference group. More definite CNS changes of confusion, unresponsiveness, and seizures occurred under the test conditions only in children with definite hypoglycemia. Unresponsiveness occurred more frequently in the fasting than in the 2DG test. One child had a seizure while fasting (plasma glucose, 24 mg/dl) and one had a seizure after 2DG. In the latter case, which was the third patient tested, the seizure occurred 1 h after starting the 2DG infusion. At that time plasma glucose was 26 mg/dl. Rapid intravenous administration of glucose, 500 mg/kg, stopped the seizure within 1 min and the patient recovered promptly. Retrospectively, it was recognized that the initial plasma glucose concentration was only 40 mg/dl. In subsequent tests, 2DG was not given unless the initial plasma glucose value was >60 mg/dl; with this precaution, no severe symptoms occurred.
It should be noted that there were no characteristic symptoms found in the clinical history that were particularly reliable in distinguishing children who subsequently were confirmed as having hypoglycemia from those who were not. Each of the children who responded abnormally to either the fasting or 2DG tests had a history of more severe symptoms of confusion, unresponsiveness, or seizures, but four of the 1 1 reference patients also had a history of these problems. None of the patients with hypoglycemia had a history of symptoms characteristic of an acute insulin reaction, such as nervousness, sudden hunger, sweating, and paleness.
There were no significant changes in pulse, respirations, or blood pressure after 2DG. Temperature (oral or axillary) decreased by 0.4"C among eight reference subjects in whom it was measured (P < 0.05); there was not a significant change of temperature in the other children tested.
DISCUSSION
In comparing the responses of these children to the fasting and 2DG tests, it is evident that although the results were consistent in the majority of cases, neither test alone was completely reliable in detecting children with hypoglycemia. It is not surprising that there is no single reliable definitive screening test for childhood fasting hypoglycemia because this is by nature an unpredictable, heterogeneous, and frequently unexplained disorder. The problems encountered in diagnosing hypoglycemia among adults are no less difficult (8, 26, 30) .
The diagnosis of hypoglycemia may be complicated by lack of clear definition of normal limits. During fasting, plasma glucose falls more rapidly to lower levels in children compared with adults. After 72 h of fasting, the average plasma glucose concentration in adults has been found to be 65-7 1 mg/dl (lower limits, 55 mg/dl) in males, and 48-55 mg/dl (lower limits, 36 mg/dl) in non-pregnant females (8, 12, 26) ; values are lower for pregnant women. In one group of seven control infants ages 2-20 mo, selected for similar reasons as the present subjects, the average plasma glucose after 24 h of fasting was 52 mg/dl (range, 35-67) (35) . In a larger group of 56 apparently normal children, ages 11/2-9 yr, the average blood glucose after 24 h of fasting was 52 + 14 (SD) mg/dl) (3). This range is similar to that found in the present series (considering the difference between plasma and blood), except for one reputedly normal subject in the former group who had a blood glucose value of 18 mg/dl. With this single exception, there is good agreement between previous findings in infants and children and our reference group (12, 14, 15, 16, 18, 29, 32) . It is, therefore, reasonable to conclude that plasma glucose values between 30-40 mg/dl are not necessarily abnormal among infants and children who have fasted for 24 h or more, but values below 30 mg/dl are beyond normal limits.
In more than 100 reported 2DG tests (50 mg/kg) in normal adult subjects, the average increase of plasma glucose has been approximately 90 mg/dl (1, 7, 13, 23, 25, 36, 38, 39, 40) . The lowest increase reported among 18 individual normal adult subjects was 26 mg/dl (23, 38, 39) . Previous data concerning normal plasma glucose changes after 2DG in children are limited. Among six control children, apparently similar to the present reference group, the average increase in plasma glucose 60-120 min after 2DG was 60 mg/dl, considerably higher than what was observed here. There was no response on the average among five hypoglycemic children (33) . In another series, the increase of glucose after 2DG in five control children was 45 k 25 (SD) mgl dl, but three hypoglycemic children failed to respond to 2DG (19) . The average glucose increase of the present group of reference children is less than what has been found previously in children or adults, but the lower limits of the response is not inconsistent with previous data.
Although it was not possible to pre-select a group of normal control children, criteria of abnormality were based on a combination of clinical history and responses to the two tests. These criteria included the following: I) a history of documented spontaneous hypoglycemia including symptoms associated with blood glucose <40 mg/dl; 2 ) a plasma glucose value during the fasting test <30 mg/dl or below 40 mg/dl associated with significant symptoms (see "Materials and Methods"); and 3 ) an average increase of plasma glucose after 2DG of <15 mg/dl. The 33 children tested were categorized retrospectively according to the outcome of these criteria of abnormality (Table 3) . If none of the criteria were met, it was concluded that there was no evidence to make the diagnosis of hypoglycemia (reference subjects). If only one of the criteria was fulfilled, it was concluded that the child had a possible abnormality. If two or more of the criteria were fulfilled, it was concluded that a definite diagnosis of hypoglycemia could be made. According to this classification, 10 of the children had no evidence of hypoglycemia, four had a possible disorder, and 19 had definite hypoglycemia.
To assess the relative reliability of fasting and 2DG as possible separate initial screening tests for hypoglycemia, the response to each test alone according to the above criteria was compared with the final overall classification. Excluding the siblings who were recruited as possible controls, 29 children were tested because of suspected or known hypoglycemia. According to the criteria, the response to either the fasting test or the 2DG test alone was consistent with the final classification in 25 of the 29 t Two or more criteria of abnormality.
$ Documented spontaneous hypoglycemia with definite symptoms and glucose <40 mg/dl.
Minimum glucose less than 30 mg/dl or less than 40 mg/dl associated with significant symptoms.
11 Glucose increase o f t 15 mg/dl after 2-deoxyglucose.
cases (86%) ( Table 3 ). Among the 11 children without documented spontaneous hypoglycemia, the fasting test was consistent with the final classification in nine cases and the 2DG test in 10 cases. No children with documented spontaneous hypoglycemia were undetected by either test, but in some cases with discrepant test results, it was clear that a persistent abnormality failed to be detected by one of the two tests. No child who responded normally to 2DG became hypoglycemic beyond the first 24 h of the fasting test. If both tests were to be performed, a practical approach would be to start with the 2DG test; if that were normal, it would not be necessary to extend the fasting test for more than 24 h.
It may seem surprising that the acute response to 2DG-simulated hypoglycemia could sufficiently mimic conditions of fasting so as to provide a comparable test. The normal metabolic transition from carbohydrate to fat oxidation during fasting depends initially on decreased insulin and increased glycogenolysis, followed by gradually increasing lipolysis and gluconeogenesis facilitated by increased counter-regulatory hormones (2, 12, 15, 16) . The acute response to 2DG, as described above, depends on a selective hypothalamic response to deprivation of glucose and a sympathetic reflex resulting in release of epinephrine and inhibition of insulin. We found previously that the hyperglycemic response to 2DG is absent in children who cannot produce epinephrine (I 6). Recent data indicate that the increase in plasma glucose in children after 2DG is due to decreased glucose utilization rather than increased production (17); therefore, administration of 2DG stimulates a rapid physiologic counter-regulatory response which may occur more gradually in fasting children as a result of depletion of endogenous sources of glucose.
A difference between responses to the two tests obviously could be related to the mechanism of the hypoglycemic disorder. Both tests have value in the further differential diagnosis of hypoglycemia if additional measurements of circulating substrates and hormones are included. These features are considered in detail in a separate report (1 1) . Among the present 23 subjects with "definite" or "possible" hypoglycemia, three had elevated fasting insulin, seven had primary epinephrine deficiency, one had growth hormone deficiency, one had adrenocortical insufficiency, and 1 1 did not have a clearly identified abnormality (including all four subjects with a "possible" hypoglycemic disorder). In general, the fasting test was more useful in making the diagnosis of hyperinsulinism, as has been previously described (33, whereas the 2DG test was more reliable in detecting epinephrine deficiency (16) . All the subjects with hyperinsulinism, growth hormone deficiency, and adrenal cortical insufficiency had abnormal responses to both tests. Those with epinephrine deficiency all failed to respond to 2DG, but two did not become hypoglycemic while fasting. An increase in epinephrine is necessary but not always sufficient for the hyperglycemic response to 2DG. Abnormalities of other regulatory factors may interfere with a normal epinephrine response, and epinephrine unresponsiveness may be associated with other abnormalities. Among the undifferentiated subjects, seven became hypoglycemic while fasting and eight failed to respond to 2DG. For these reasons, as well as for purposes of initial screening, it is valuable to have the complementary results of both tests. It should be noted that seven infants under age 1 yr, with relatively severe fasting hypoglycemia due to hyperinsulinism or various inherited metabolic disorders, were not included in this series because the 2DG test was not performed; use of 2DG is not likely to be beneficial in young infants.
The fasting test is unfortunately a tedious and trying diagnostic procedure. Because the time of onset of possible hypoglycemia and symptoms cannot be anticipated, frequent blood sampling must be continued throughout the test, rapid glucose analysis must be available, and problems must be promptly recognized and addressed. From a practical standpoint, the 2Di; test is relatively short and not as difficult for the child, family, and professional staff. The symptoms, which followed administration of 2DG in these patients, were not more severe than those associated with fasting. The observed drop in temperature without increased pulse or blood pressure in the present reference subjects is consistent with previous observations in adults who have been given 2DG (9, 21, 39) . Intervention was required in one case in which the patient was also simultaneously hypoglycemic; symptoms were reversed by administering glucose. This problem can be avoided by not giving 2DG if the initial plasma glucose is <60 mg/dl.
Contrary to previous conclusions in the literature (41), competitive inhibition of glucose transport by extracellular 2DG (5),
rather than intracellular accumulation of the non-metabolizable product 2-deoxyglucose-6-phosphate (5, 28, 37, 41) , is responsible for the acute physiologic effects. As illustrated in the present subjects and previous studies (9), the symptoms and physiologic effects diminish rather than increase as 2DG leaves the extracellular space. Because the rate of disappearance is not adequately accounted for by urinary loss, most of the 2DG must initially enter the intracellular space as 2-deoxyglucose-6-phosphate, and presumably later is gradually dephosphorylated and lost in the urine. Studies in young rats given 800 mg/kg of 2DG subcutaneously for 19 d showed no growth inhibition or other apparent effects, indicating that chronic toxicity is minimal (22) . The major disadvantage of using 2DG at present is that it is not readily available for human use and is likely to remain an investigational drug for the foreseeable future because of lack of demand. Although investigational experience with 2DG has been greater in adults, practical applications for diagnostic use in adults remain limited, including testing intactness of the vasogastric (7, 13) and sympathoadrenal reflexes (1, 38) . In summary, the 2DG test provides a useful supplement to fasting as a diagnostic tool for detection and confirmation of hypoglycemia in childhood. Neither fasting nor the 2DG test alone is completely definitive, but if both tests are performed it is unlikely that a case of hypoglycemia would be missed. If the 2DG test is done first and is normal, there is no need to extend the fasting test for more than 24 h. If only the fasting test is performed, it should be extended for 36 h to pick up as many cases of hypoglycemia as possible. Determining blood glucose during spontaneously occumng symptoms remains a valuable means of detecting hypoglycemia. Measurement of various hormones and substrates during both of these tests is valuable in making a differential diagnosis as is described in a separate report (1 1).
